Objective: To determine the reliability, validity and correlates of measures of food insecurity (FI) obtained using an individually focused food insecurity access scale (IFIAS) among pregnant women of mixed HIV status in northern Uganda. Design: A mixed-methods study involving cognitive interviews nested within a cross-sectional survey. Setting: The antenatal care clinic of Gulu Regional Referral Hospital. Subjects: Survey respondents included 403 pregnant women, recruited in a ratio of one HIV-infected to two HIV-uninfected respondents, twenty-six (nine of them HIV-infected) of whom were asked to participate in the cognitive interviews. Results: Over 80 % of cognitive interview participants reported understanding the respective meanings of six of the nine items (i.e. items 4 to 9) on the IFIAS. Two main factors emerged from rotated exploratory factor analysis of the IFIAS: mild to moderate FI (IFIAS items 1-6) and severe FI (items 7-9). Together, they explained 90·4 % of the FI measure's variance. The full IFIAS and the two subscales had moderate to high internal consistency (Cronbach's α ranged from 0.75 to 0.87). Dose-response associations between IFIAS scores, and measures of socioeconomic status and women's diet quality, were observed. Multivariate linear regression revealed significant positive associations between IFIAS scores and HIV infection, maternal age, number of children and a history of internal displacement. IFIAS scores were negatively associated with women's diet diversity score, asset index and being employed. Conclusions: The IFIAS showed strong reliability, validity and contextual relevance among women attending antenatal care in northern Uganda.
Food security occurs 'when all people, at all times, have physical, social, and economic access to sufficient, safe, and nutritious food that meets their dietary needs and food preferences for an active and healthy life' (1) . Food insecurity (FI) exists when these conditions are not met and is a major underlying cause of undernutrition enshrined in the UNICEF conceptual framework (1, 2) . FI is a major risk factor for adverse health outcomes among specific vulnerable populations including persons infected with HIV (3, 4) , women (5) and children (5, 6) . Women's responsibilities in managing family feeding (7) , gender bias in the experience of FI (8) and unequal control over household resources make them particularly vulnerable to FI and its consequences (3) . Data from the USA indicate that, when faced with FI, women suffer a range of negative nutritional (9) and psychosocial consequences (10, 11) . Pregnant women are more likely to experience greater FI than non-pregnant women because they have higher nutrient demands, less physical ability to obtain and prepare food (especially later in pregnancy and early postpartum) and less ability to engage in income-generating labour (10) . The three studies to date about FI among pregnant women have shown that FI has serious negative nutritional and psychosocial impacts on women's health (9) (10) (11) . However, all of these studies were done in the USA and contextual differences between resource-rich and resource-poor settings make the generalizability of these findings questionable. For instance, a higher burden of infectious diseases and poverty in resource-poor settings may exacerbate women's experiences of FI. Thus, it is important to document the burden and impacts of FI among pregnant women living in resource-poor settings.
The first step to understanding the consequences of FI is to be able to appropriately measure the FI construct. Measures of food security tend to focus on three important and hierarchical domains: availability, access and utilization of food (12) . Whereas measures of food availability (e.g. food stocks at national, community and household levels) and utilization (e.g. through assessment of nutritional status) are much easier to ascertain, measuring food access has been more difficult.
There is an increasing focus on assessing the access domain of FI given the emerging psychosocial impacts of FI. Approaches to measuring food access have included both indirect and direct methods (13) . Indirect methods of measuring food access tend to focus on proxy measures such as household income and expenditures, dietary diversity or other livelihood strategies. In contrast, direct, experiencebased measures tend to rely on individuals' and families' behaviours and past experiences of FI using questionnaires (13) . The Household Food Insecurity Access Scale (HFIAS) (14) is perhaps the most frequently used experiencebased measure of food access. The HFIAS consists of nine questions, each of which has four response options (no = 0, rarely = 1, sometimes = 2, often = 3). An overall HFIAS score can therefore be derived, with total scores ranging from 0 to 27, with higher scores reflecting more severe FI.
Existing scales for assessing food access, such as the HFIAS, focus on household FI. However, intra-household differences in the experience of FI (8, 15) suggest that food access should also be assessed at the individual level. For this reason, we explored the reliability and validity of a modified HFIAS questionnaire, in which we focused on respondents' individual experiences, rather than asking about those of the entire household. The resultant scale is an individually focused FI access scale, or the IFIAS.
It is recommended that measures of FI be validated through qualitative (14, 16) and quantitative approaches (17, 18) so as to ensure their appropriateness. Although the HFIAS has been used and validated to assess FI in a number of countries (13) , we did not find any study that had adapted and/or validated this scale to assess individual-level FI. Therefore, to ensure that FI access measures obtained using the IFIAS are reliable, valid and reflect specific contextual factors, we collected qualitative and quantitative data from pregnant women participating in the Prenatal Nutrition and Psychosocial Health Outcomes (PreNAPs) study.
Materials and methods
Data were collected in the context of the PreNAPs study, a longitudinal observational study designed to document the relationships between food access, nutritional and psychosocial exposures and a number of physical and mental health outcomes among HIV-infected and uninfected pregnant women in post-conflict northern Uganda. Data were collected between 10 October 2012 and 29 August 2013 at the antenatal care clinic of Gulu Regional Referral Hospital (GRRH) in Gulu, northern Uganda. The antenatal care clinic of GRRH is a busy primary care clinic, attending to approximately 400 newly pregnant women on a monthly basis. All services at GRRH, including medications, are offered free of charge, as they are in other public hospitals and clinics in Uganda.
Population
Women were invited to participate in the PreNAPs study if they were between 10 and 26 weeks' gestation, lived within 30 km of GRRH and had a known HIV status. Women whose HIV status was unknown were excluded. HIV-infected women were oversampled to achieve a ratio of one HIV-infected to two HIV-uninfected participants; and thus the proportion of HIV-infected women in our sample is much higher than the 10·3 % age-adjusted prevalence of HIV observed at various antenatal care clinics in northern Uganda (19) .
Study design
We used a mixed-methods approach to validate the IFIAS. Prior to administration, questionnaires were adapted for use with our specific study population (e.g. by changing the HFIAS into the IFIAS) and translated into Acholi and Langi, the two dominant Luo languages in the area, and then back-translated into English by three Acholi/ Langi-speaking key informants. These included a medical psychiatrist working for GRRH, a study nutritionist and a midwife. Discrepancies in conceptual and semantic equivalence were resolved through discussions. The research team discussed all translated versions and adaptation of the questionnaires until final versions of the questionnaires were agreed upon.
Qualitative validation of the IFIAS
We conducted qualitative cognitive interviews with a subset of cohort participants to ensure the appropriateness of the IFIAS questions (n 26). As in the main study sample, about one-third (34·6 %) of the cognitive interview participants were HIV-infected. Cognitive interviewing is a methodology used to evaluate sources of error/improve quality of survey instruments (20) that has been used successfully to understand respondents' experiences with the Radimer/Cornell FI questions (16) . Cognitive interviews were oriented around the nine IFIAS questions. Specifically, we used cognitive testing methods to assess:
1. Comprehension of questions, i.e. to determine whether respondents perceived the intent of IFIAS questions as intended.
2.
Retrieval from memory information relevant to the questions, i.e. to determine whether respondents were able to repeat questions we had asked them and the thought processes they went through to come up with a response to the question. 3. Response process, i.e. to assess whether the response options are appropriate and/or adequate.
Cognitive interviews were conducted by an Acholispeaking study nutritionist (H.K.).
Quantitative validation of the IFIAS
We also validated the IFIAS quantitatively among the entire study cohort (n 403). Because there is no 'gold standard' for measuring FI access, we employed approaches that involve establishing construct rather than criterion validity of the IFIAS (Table 1 ). Construct validity is defined as the extent to which a given measurement corresponds to theoretical concepts (constructs) concerning the phenomena under study, while criterion validity is the extent to which measurements obtained using a new scale concur with those determined with an established diagnostic test or gold standard (21) . Construct validity is further divided into convergent and discriminant validity (22) . Whereas convergent validity looks at establishing whether a given test measure or outcome is not correlated with concepts or constructs one would expect it to be related with, the goal of discriminant validity is to demonstrate that a given test measure or outcome is not correlated with concepts or constructs that are generally considered to be unrelated to it. Discriminant validity has been erroneously referred to as divergent validity (22) . In the current study, we assessed the convergent validity of the IFIAS using a number of measurements (Table 1) .
Survey data collection
At enrolment into the cohort study, trained interviewers administered a questionnaire lasting approximately 45 min. Tables 4-6 and Fig. 4 ; we did not explore the discriminant validity of the IFIAS since we believe that is outside the scope of this paper Convergent and discriminant validity
Construct validity encompasses two main types, i.e. convergent and discriminant validity. Convergent validity refers to the extent to which a given measure is correlated with constructs one would expect it to be related to. On the other hand, discriminant validity aims to demonstrate that a given measure is not correlated with constructs that are generally considered to be unrelated to it Reliability Reliability is the degree of stability exhibited when a measurement is repeated under identical conditions. Similarly, reliability refers to the extent to which results obtained by a measurement procedure can be replicated
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In Table 4 , we show high Cronbach's α (and thus internal consistency reliability) values for the entire IFIAS as well the two subscales that emerged from exploratory factor analysis Internal consistency reliability Internal consistency reliability, also known as Cronbach's α, is an estimate of the correlation between the total score across a series of items from a rating scale and the total score that would have been obtained had a comparable series of items been employed IFIAS, individual-level food insecurity access scale.
Individual-level FI was assessed using the IFIAS. Sociodemographic data collected included maternal characteristics such as age, education, residence, and previous experience with displacement or residence in a camp for internally displaced people (IDP). Wealth was based on the possession of twenty different household assets obtained using the socio-economic module of the 2009-10 Uganda National Panel Survey (23) . Health information including gestational age (based on first day of the last menstrual period) and maternal HIV status (determined at the antenatal care clinic prior to enrolment into the PreNAPs study) were also documented. Diet quality was assessed using the women's dietary diversity score (WDDS) (24) . The WDDS is based on the sum of nine food groups consumed in the 24 h preceding the food recall interview. The following set of food groups are recommended for calculating the WDDS: (i) starchy staples; (ii) dark green leafy vegetables; (iii) other vitamin A-rich fruits and vegetables; (iv) other fruits and vegetables; (v) organ meats, meat and fish; (vi) eggs; (vii) legumes; (viii) nuts and seeds; and (ix) milk and milk products.
Data analysis
Cognitive interviews were transcribed in Acholi and translated into English immediately after each interview. We then looked for common themes and discrepancies in respondents' answers to each question. Understanding of the meanings of items and/or important phrases in each item was then summarized or tallied, as appropriate.
Survey data were entered into EPIDATA 3·1 and analyses were conducted using the statistical software package STATA 12. The IFIAS score and FI categories were based on pregnant women's responses to the nine-item scale, as recommended by Coates et al. for the HFIAS (14) . Frequency distributions of responses to all nine IFIAS items were also performed. We derived a wealth index proxy variable, asset index, using the principal component analysis methodology. Per this methodology, households with higher values on the principal component analysis-generated asset index represent greater household wealth relative to others in the sample (25) . The reliability of the IFIAS was assessed using both exploratory factor analysis and Cronbach's test for internal consistency (Table 1) . For factor analysis, we used varimaxrotated exploratory factor analysis, retaining factors with eigenvalues above 0·5. We developed subscales using items that consistently grouped together and had factor loadings with values greater than 0·45. The internal consistency of the entire nine-item IFIAS and emergent subscales was assessed using Cronbach's α. Cronbach's α coefficients of 0·7 or greater were considered to be reliable (26) . As recommended by Frongillo (17) , we tested the parallelism of IFIAS item responses by plotting the proportion of affirmative responses within categories (tertiles) of household asset index. Additionally, we documented the dose-response association between the IFIAS score and indicator variables for socio-economic status and diet quality by assessing how the mean asset index and WDDS varied across quartiles of IFIAS scores.
We determined the convergent validity of the IFIAS using Pearson's correlation coefficients (for exploring how IFIAS was correlated with continuous variables) and t tests (for differences in IFIAS by dichotomous variables). We used non-parametric tests for assessing trends (for categorical variables with more than two categories and assuming ordinal groupings) to compare the performance of the IFIAS scores within categorical measures of education, wealth and diet quality.
Multivariate linear regression was used to examine the independent effects of individual, demographic and socioeconomic characteristics on IFIAS scores. We included variables with P values ≤ 0·20 in bivariate analyses into the multivariate model, but only retained variables with P values ≤ 0·05 in the final model.
Results

Participant characteristics
Of the 415 participants asked to participate in the PreNAPs study, 405 were enrolled (Fig. 1) . The ten women who refused enrolment declined, citing 'no time'. Of the 405, two participants did not complete the entire interview, requesting to come later but never returned, and were excluded from the analysis. Of the 403 remaining participants, 33·0 % (n 133) were HIV-infected.
Participants selected for the cognitive interview study were similar, but not identical, to the sample in the parent study (Table 2) . They were primarily Acholi-speaking Christians, with a mean age of about 25 years and lived with approximately four other people. A greater proportion of cognitive interview participants had less education.
The mean IFIAS score was 9·5 (SD 5·7) for participants in the overall study and 9·3 (SD 5·2) for women participating in the cognitive interviews. Based on the categorization procedure suggested by the authors of the HFIAS (14) , 74·5 % of respondents in the main survey perceived themselves to be moderately or severely food insecure.
Cognitive interview results
As one of the first cognitive interview activities, participants were asked to paraphrase the main message of each of the IFIAS items (Table 3) . In general, their responses indicated that the items were understood as we had intended. For example, for item 1, we asked respondents what they thought 'enough food' meant. Responses were translated to mean phrases like 'food that is enough for me, my family members, children and visitors' (n 8) and 'food that satisfies me' (n 6).
A majority of the respondents (>80 %) in the cognitive interview study were able to appropriately repeat and convey the primary meaning of IFIAS items 4 to 9 (Fig. 2) .
For IFIAS items 1 and 2, the proportion of participants in the cognitive interview study who were able to convey their meaning dropped to slightly below 70 %. The most difficult to understand IFIAS item was item 3 (concerning if a respondent had to eat a limited variety of foods due to a lack of resources), with 58 % of cognitive interview participants able to repeat it and provide adequate information with regard to what the item meant.
IFIAS survey results
Overall, affirmative responses (rarely + sometimes + often) on each of the nine IFIAS items ranged from 16·0 to 87·9 % ( Table 4) . As expected, responses to IFIAS items indicating less severe FI such as item 2 (not able to eat the kind of foods you preferred) were more prevalent than items indicating more severe FI such as item 9 (going a whole day and night without eating food). Item 2 received the most affirmative responses while item 9 received the least.
Reliability and construct validity
Two factors emerged from rotated exploratory factor analysis of the IFIAS items. We labelled these as 'mild to moderate FI access' (factor 1) and 'severe FI access' (factor 2). Items 1-6 loaded on to the mild to moderate FI access factor with factor loadings ranging from 0·49 to 0·76, while items 7-9 loaded on to the severe FI factor with factor loadings ranging from 0·58 to 0·76. Of all items, item 4 loaded most poorly on to the mild to moderate FI factor with a loading of 0·49, while item 9 was the poorest to load on the severe FI factor with a loading of 0·58. The mild to moderate FI factor (items 1-6) explained 75·4 % of the total variance while the severe insecurity factor explained 15·0 % of the variance. The nine-item IFIAS and the two subscales had moderate to high internal consistency. Cronbach's α for the full IFIAS scale was 0·87, 0·86 for the subscale consisting of items 1-6 and 0·75 for the subscale consisting of items 7-9. Figure 3 shows the proportion of affirmative responses to each of the nine IFIAS items across tertiles of household asset index. Women in the lowest and middle asset tertiles showed little difference in response to IFIAS items 1-5, but the proportion of affirmative responses on these items for women in the highest asset tertile was markedly lower. For IFIAS items 6-9, we observed clear parallelism of IFIAS item response curves across the asset index tertiles. Affirmative responses to each of the nine IFIAS items, especially items 6-9, showed clear parallelism across tertiles of women's household asset index.
Parallelism across tertiles of household asset index
Dose-response associations
We observed dose-response associations between severity of FI (represented by the quartile of FI score) and mean (i) household asset index and (ii) WDDS (Fig. 4) . Mean asset index and WDDS of the fourth quartile of FI scores was the lowest compared with the first quartile of FI. Unlike the performance of the IFIAS on the parallelism requirement, the overall score on the IFIAS showed a clear-cut doseresponse association with respect to WDDS and asset index variables.
Factors associated with food insecurity
In bivariate analyses, FI status was significantly and positively associated with maternal age, number of children below 18 years, maternal HIV infection and marital status (i.e. being separated, divorced or widowed; Table 5 ). Conversely, we observed negative associations between FI and the asset index, formal employment status and WDDS. Contextual factors important for the northern Uganda study setting such as previous history of displacement or stay in an IDP camp were also adversely associated with FI.
In 
Fig. 1 Diagram of participant flow in the present study
Validity of the IFIAS among pregnant womenstatus, diet diversity and previous stay in an IDP camp (Table 6 ). These analyses further confirm the conceptual and contextual relevance of the IFIAS, given that the IFIAS scores were associated with factors expected to be related to them a priori.
Discussion
In this first mixed-methods validation study of an individually focused FI access scale among pregnant women of mixed HIV status, our data indicate that the IFIAS is an appropriate measure of individual-level FI access. Specifically, most pregnant women understood each of the nine items in the IFIAS (Table 3 and Fig. 2) . Further, the output of the IFIAS provided moderate to high reliability (Table 4) , strong construct validity (Tables 4-6 and Figs 3 and 4) and fidelity towards conceptual and contextual factors (Tables 5 and 6 ) associated with FI in the northern Uganda setting. The HFIAS, the original scale from which the IFIAS scale is derived, was designed to be relevant across different contexts and cultures and our results with the IFIAS further affirm that it can be used in a number of settings. During quantitative validation of the IFIAS, rotated exploratory factor analysis produced two main factors: the mild to moderate FI factor and the severe FI factor. These groupings differed from the three groupings the creators of the HFIAS had proposed (14) . Instead of item 1, items 2-4 and items 5-9 on the IFIAS emerging as three different (25) for details on derivation of the asset index. †Categories constructed based on Coates et al. (14) . ‡See Kennedy et al. (24) for derivation of the WDDS.
factors as intended with the HFIAS, we observed two new groupings: items 1-6 and items 7-9. This is similar to findings from previous authors' work with item 1 of the HFIAS (27) or of the Radimer/Cornell scale (28) , whose wording in both scales is similar. There, neither term emerged as a stand-alone factor in the exploratory factor analyses. However, the inclusion of IFIAS items 5 and 6 together with items 2-4 in the same grouping is novel to our study. Reports by Mohammadi et al. (29) using data from Iran and by Kneuppel et al. (27) using data from rural Tanzania indicated that item 5 grouped together with HFIAS items 1-4 while item 6 grouped with items 7-9. In the study by Kneuppel et al., the factor loading for item 6 in each of their two emergent factors was above their selected cut-off of 0·5, indicating that potentially HFIAS item 6 can group with HFIAS items 1-5, as was observed in our study.
The loadings that we observed on items 7-9, however, are similar to those described by Deitchler et al. in their analysis of seven data sets involving the HFIAS from six different countries (30) . Based on their findings, the authors recommended a three-item scale including items 7, 8 and 9 of the HFIAS, and called it the Household Hunger Scale. The relatively high factor loadings for items 7, 8 and 9 into a separate subscale that we observed provides further support for the cross-cultural validity of the Household Hunger Scale.
The reliability coefficients of the full IFIAS and one of the two emergent subscales observed were above the 0·85 cut-off recommended by Frongillo (17) and thus suggested high internal consistency of FI scales (Table 4) . Whereas the reliability coefficient of the subscale with items 7-9 was lower than the recommended cut-off, the observed value of 0·75 is also higher than 0·70, which is a generally accepted cut-off value for internal consistency of measurement Table 3 Participants' interpretations and understanding of the questionnaire items on the individual-level food insecurity access scale (IFIAS) in cognitive interviews (n 26) among HIV-infected and uninfected pregnant women attending antenatal care services in northern Uganda, October 2012-August 2013
IFIAS item
Primary query in the IFIAS item Interpretations given by participants 1 'Enough food' Food that is enough for me, family members, children and visitors (n 8) Food that satisfies me (n 6) Provides different types in a day (n 5) Provides at least 3 meals a day (n 3) Don't know (n 4) 2 'Kinds of food you prefer' Greens (e.g. boo or malakwang) (n 8) Beans (n 6) Appetizing food (n 4) Food I desire (n 3) Food I eat with interest (n 3) Don't know (n 2) 3 'Limited variety of foods' Only two or one type of food eaten in a day (n 12) Fewer varieties (n 8) Small bits of food (n 3) Don't know (n 3) 'Lack of resources'
Lack of money (n 14) Small quantities to no food (n 6) Other resources that help get food (n 2) Other resources, e.g. bicycle (n 1) Don't know (n 3) 4 'Eat some foods that you really did not Food I don't like or desire (n 11) want to eat' Beans (n 3) Cabbage (n 2) Don't know (n 6) 5 'Had to eat smaller meal in a day' Not eating enough food in terms of quantity (n 12) Food that was insufficient to satisfy anyone (n 9) Don't know (n 5) 6 'Had to eat fewer meals in a day' Eating mostly once a day (n 8) Twice or less than three meals a day (n 5) Just fewer meals, non-specific times (5) Skipping breakfast, lunch or supper (n 3) Don't know (n 5) 7
'No food to eat of any kind' Lack of food (n 15) Lack of money to acquire food (n 8) Lack of other resources to acquire food (n 3) 8 'Go to sleep hungry at night' Slept minus eating anything, no evening meal, ate only during the day (n 15) Lacked food items in the house to prepare evening meal (n 5) Don't know(6) 9
'Went hungry for a whole day and night' Never tasting any food for 24 h from morning to night time, both day and night, full day without eating (n 17) No food or money (n 7) I slept hungry (n 2) scales (26) . The reliability of the full IFIAS and its subscales was in the same range as what has been reported by previous authors validating FI scales in other sub-Saharan settings (27, 28) . Kneuppel et al. validated the HFIAS in rural Tanzania and reported Cronbach's α values ranging from 0·83 to 0·90, while Leyna et al. also working in Tanzania with the Radimer/Cornell scale reported values ranging from 0·78 to 0·89.
The proportion of affirmative responses on each of the nine items on the IFIAS generally followed expected patterns, with greater proportions of participants reporting affirmative responses to items indicating moderate (rather than severe) FI (Table 4 ). The observed trends in affirmative responses, previously reported elsewhere (27) , were along an FI severity continuum. However, unlike the initial HFIAS report (14) , but consistent with observations from previous studies with the HFIAS (27) , we did not find the greatest number of affirmative responses to IFIAS item 1 (Table 4 and Fig. 3) . Indeed, IFIAS item response patterns indicate that item 2 had the highest proportion of affirmative responses, followed by item 4. These results may relate to the possibility that individual and household FI are related but differ. Additionally, this may imply that worrying about food may be perceived differently in different contexts, and/or that actually worrying about food is Table 4 Distribution of affirmative responses to items on the individual-level food insecurity access scale (IFIAS) and varimax-rotated factor loadings of the items among HIV-infected and uninfected pregnant women (n 403) attending antenatal care services in northern Uganda, October 2012-August 2013 unlikely to be as prevalent as, for example, consuming a less diverse diet -a common occurrence in resource-poor settings. It has been reported, for example, that relatively more Bangladeshi households affirmed consuming lowerquality food than worried about their food supply (31) . In the absence of a clear-cut 'gold standard' measure of individual-level FI, we relied on establishing other aspects of validity of the IFIAS. We evaluated how measures of FI obtained by the IFIAS stood together as a unified construct or broke into domains or subscales as originally intended by the developers of the HFIAS. We found that the IFIAS broke into two domains (Table 4) , rather than the three primary HFIAS domains of being anxious and uncertain about food, relying on a diet of insufficient quality and subsisting on reduced food quantities. However, results from exploratory factor analysis indicated that two domains or subscales emerged with the IFIAS items 1-6 in one domain and items 7-9 in a separate domain. Since this grouping is still consistent with the items' relative importance in establishing FI severity, we believe this outcome is an indication of appropriate construct validity.
It is recommended that measures obtained by FI scales demonstrate parallelism on item response curves and dose-response relationships with respect to economic and diet quality indices (17, 18) . As Fig. 3 shows, a greater proportion of persons in the lowest tertile of asset index gave affirmative responses to each of the nine IFIAS items compared with those in the highest tertile of asset index. From item 1 through item 5, differences between the 
IDP, internally displaced people; WDDS, women's dietary diversity score. *Children defined as < 18 years. †See Filmer and Pritchett (25) for details on derivation of the asset index. ‡See Kennedy et al. (24) for derivation of the WDDS. 
IDP, internally displaced people; WDDS, women's dietary diversity score. proportions of responses on each IFIAS item between participants within the different asset index tertiles are less dramatic than for items 6-9. As one progresses from item 6 to item 9, clear parallel trends emerge in the proportion of affirmative responses across the tertiles. We did not detect much difference in the perceptions of anxiety and uncertainty about food or limited diet quality, as reflected in IFIAS items 1 through 5, between the poorest and middle tertiles. As one transitions from IFIAS item 6 to item 9, one sees more severe forms of FI including actual reductions in food stocks and greater hunger. Similar to the observation of parallelism across questionnaire item response curves noted above, we observed dose-response associations between FI measures and mean asset index and WDDS (Fig. 4) . This further suggests strong convergent validity with our individually focused FI scale.
Construct validity was further established by assessing the convergence of measures of FI with other demographic, socio-economic and contextual factors expected to be associated with FI. Indeed, bivariate and multivariate analyses indicated that higher FI scores were positively associated with being older, having many children below 18 years, being HIV-infected and having a history of previous stay in an IDP camp (Tables 5 and 6 ). On the other hand, and as expected, IFIAS measures were negatively associated with higher asset index, being formally employed and WDDS. Others have documented the relationship between FI and respondents' increased age and greater number of children (27, 32) and household socio-economic indicators (27) such as household wealth status and the education level of either spouse.
Most of the factors associated with FI in our study are well known to be related to FI (27, 32) . We were, however, surprised to find that having ever resided in an IDP camp is significantly associated with FI even several years after the civil war in northern Uganda ended. The IDP camps were closed during the period 2007-2012 with former IDP camp residents often returning to homes and farms that had been neglected for years. Factors contributing to greater perceived individual FI access among former IDP residents need to be investigated so that appropriate interventions can be targeted and implemented.
The strengths of the present study include the use of multiple measures of reliability and validity; comparison of scale performance across a multiplicity of conceptually driven and contextual determinants of FI; and use of a number of statistical tests to assess the utility of the IFIAS as a measure of individual-level FI among HIV-infected and uninfected pregnant women in northern Uganda.
There are also several limitations. In order to conserve resources, we conducted the cognitive interviews concurrently with the main survey; ideally cognitive interviews would have preceded the survey. Thus, we were unable to test modifications of the IFIAS items based on cognitive interview results. The finding from cognitive interviews that IFIAS item 3 was the most difficult to understand is novel to our study, and it might have impacted negatively on our findings. The cross-sectional study design precluded assessment of the stability of FI measures over time. This limitation will be addressed by repeated measures of FI in the PreNAPs cohort. Finally, while our study is designed to have strong internal validity, our cohort does not represent the general pregnant women's population in Gulu or northern Uganda due to the oversampling of HIV-infected women. Our oversampling of HIV-infected women does, however, provide us with insights as to differences in FI between HIV-infected and uninfected women.
Conclusion
In summary, our study demonstrates strong reliability, internal validity and contextual fidelity of measures of FI obtained using the IFIAS from HIV-infected and uninfected pregnant women. We encourage other researchers to use and validate the IFIAS in other settings and among other populations (e.g. the elderly, lactating women) and to compare scores and prevalence of FI categories obtained with the IFIAS with those obtained using the HFIAS.
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